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Abstract 
Immers ion silver is one of an alternative surface finish to pr inted circuit board electronic assembly in electronic 
packag ing industry. I n th is study, the effect of immers ion silver th ickness on interfacial react ions or I M C that 
occur dur ing soldering be tween Sn-3 .8Ag-0 .7Cu (SAC3807) lead-free solder on immers ion silver surface finish 
is invest igated. Solder jo in t reliability is a lso examined by per forming solid state thermal aging at 150°C for u p 
to 1000 hours . T h e results revealed that after reflow soldering, CusSns I M C is formed be tween solder and 
substra te whi le after aging t rea tment a n e w I M C w a s found be tween CufiSn 5 I M C and substrate k n o w n as C u 3 S n . 
A g i n g of solder j o in t s results in an increase of I M C ' s th ickness and change in their morphologies to become 
m o r e spherical, denser and wi th larger grain size. Examina t ion of solder jo in t s microstructures a lso revealed that 
several types a n d morphologies of intermetal l ics formed after reflow solder ing and solid state ageing. However , 
the th ickness of immers ion silver surface finish metal lurgy invest igated w a s found to have n o effect on the type 
or morphology of intermetal l ic compounds formed, a l though wi th thicker silver layer the intermetall ic 
c o m p o u n d s grew in th ickness 
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1. Introduct ion 
Lead-conta in ing solders have been used 
extensively in microelectronics appl icat ions to form 
electrical interconnect ions be tween packag ing levels, 
to facilitate heat dissipation from active devices, 
provide mechanical /physical support , and to serve as 
a solderable surface finish layer o n pr inted circuit 
boa rds (PCBs) a n d lead frames. However , the recent 
t rends of wor ldwide environmenta l legislat ion for 
toxic materials and consumer d e m a n d for "green" 
products have accelerated the transit ion from P b -
conta in ing solders to lead-free solders in electronic 
industry. This t rend has dr iven the technology of 
surface finishes for printed circuit boards (PCBs) is 
seeing a dramat ic shift from hot air solder leveling 
(HASL) which lead is a major components , towards 
al ternative surface finishes such as ENIG, immers ion 
silver and immers ion t in [1,2]. 
Surface finishes are appl ied to pr inted circuit 
b o a r d (PCBs) to prevent oxidat ion of exposed copper 
on board, thus ensur ing a solderable surface w h e n 
componen t s are added at a later process ing stage [5]. 
Immers ion silver is one of an al ternative surface 
finish to printed circuit board electronic assembly in 
electronic packaging industry. Besides that, it 
consis ts of a very thin (0.15-0.55 urn) coat ing of 
near ly pure silver. In this aspect, immers ion silver is 
100 t imes th inner than traditional electroplated silver. 
A slightly amoun t of organic material is typically 
deposi ted wi th in the immers ion silver in tended to 
prevent tarnish and electro-migrat ion. Benefits of 
immers ion si lver include flatness, Pb-free, 
inspectabil i ty a t assembly, lack of solder mask attack 
and surface functionality. Rela t ive to o ther P C B 
coat ings or surface finishes, immers ion silver does 
not suffer from b lack-pad interfacial fracture 
phenomenon , t in-copper intermetall ic shelf life 
reduct ion, whiskers formation, o r sensitivity to weak 
f luxes [4]. 
I n this study, we invest igate the intermetal l ic 
g rowth and thickness be tween Sn-3 .8Ag-0 .7Cu 
( S A C 3 8 0 7 ) lead-free solder wi th immers ion silver 
surface finish and also the effect of immers ion silver 
th ickness o n interfacial react ion or intermetal l ics 
dur ing reflow solder ing and isothermal ag ing 
treatment . 
Corresponding Author: Saliza Azl ina Osman . Depar tment of Manufac tur ing & Industrial Engineer ing, 
Facul ty of Mechan ica l & Manufac tur ing Engineer ing, Universi t i Tun Hussein O n n 
Malays ia , Parit Raja, 86400 Batu Pahat , Johor, Malaysia , 
E-mai l : sauzaz@uthrn.edu.my 
2. E x p e r i m e n t a l p r o c e d u r e 
T h e copper substrate is cut into p ieces wi th 
d imens ions 45 x 15 x 1 m m from sandwich copper 
sheet. The substrate was a commerc ia l oxygen-free 
copper whe re the samples were lightly gr inded and 
d ien was first subjected to a pre- treatment process to 
r emove oxides and act ivate the copper surface before 
the immers ion silver process is started. This process 
is also very important to r emove potential 
con taminan ts such as oxides , grease and oil and 
render it c lean for the subsequent plat ing process. In 
this study, the surface finish is focused on immers ion 
silver ( ImAg) . T h e plat ing solut ion used is made up 
of 50g/L of ethylene diamine tetra-acetic acid 
(EDTA), 20 .4g /L of sodium hydroxide and lg /L of 
silver nitrate. In the present study die immers ion 
silver is deposi ted into two different thicknesses. 
~ 0 . 4 u m and ~0 .8um, which are labeled here as thin 
and thick silver layer respectively. 
T h e immers ion silver plat ing is conduc ted in two 
stages. Firstly, the substrates (e.g. for thin coating) 
was immersed in pre-plat ing beaker for one minute 
and then immersed in a second beaker for seven 
minutes to start plat ing, and one p lus e leven minutes 
for thick coat ing . The opera t ing temperature of the 
p la t ing bath was set up to 45"C. After that, all the 
samples were laminated w h h a layer of dry solder 
mask in order to restrict the mol ten solder from flat 
spreading dur ing reflow soldering. Next step is the 
solder mask together wi th the pat terned film was 
cured by ultraviolet (UV) light in order to produce 
small openings of 0.38 m m in diameter . After that, a 
thin layer of no c lean flux is appl ied onto die 
substrate to remove the oxide layer and also to 
improve the wet t ing of mol t en solder dur ing reflow 
soldering. Then , the substrates were manual ly 
popula ted with solder bal ls wi th a d iameter of 7 0 0 u m 
arranged in several rows. Bond ing to form die solder 
jo in t s was m a d e by reflow in a furnace wi th the peak 
reflow tempera ture set at - 2 5 0 C. T h e total t ime 
taken from ambien t to peak tempera ture (reflow 
tempera ture) was about 26 minutes . 
After reflow soldering, each sample w a s 
subjected to age ing treatment at 150 °C for 250 hours . 
500 hours and 1000 hours . Character isat ion of 
samples involved bo th at top surface and cross 
section of solder jo in t s . Several techniques including 
optical microscopy, scanning electron microscopy 
( S E M ) and energy dispers ive x-ray analysis (EDX) , 
image analyzer and field emiss ion scanning electron 
microscope ( F E S E M ) were used for the intermetall ics 
characterizat ion. 
3 . Resu l t s a n d discuss ion 
3.1 I n t e r m e t a l l i c c o m p o u n d s 
D u r i n g soldering, the solder alloy mel ts and reacts 
wi th the substrate to form intermetall ic compounds 
( IMCs) at the jo in ing interface. The growth of 
interfacial react ion dur ing solid-state ag ing in solder 
jo in t s is of par t icular interest to the electronic 
industry | 3 ] . The top surface morphology of C u 6 S n 5 
after reflow solder ing is clearly shown in F igure 1 
whe re the size of CueSns wi th dun A g is smal ler Uian 
in a thick A g layer. These grain sizes were confirmed 
by measur ing grain size d iameter (average) , and the 
result revealed that the diameter of the grain size 
be tween tiiin and uiick Ag layer is a round 2.5u.m and 
2 . 8 u m respectively. 
In diis solder alloy the results show the formation 
of C u 6 S n s wh ich has been observed in die bulk solder 
just above the CufiSn 5 I M C interface. T h e coarse 
needles wi th hexagonal cross sections of CueSiis at 
interface in bulk solder were detected only on the thin 
Ag whi le for thick A g layer only part icles of Cu6Sn5 
were detected. 
F i g u r e 1: Top surface morpho logy of CueSiis us ing 
SAC 3807 after reflow (a) Th in A g layer (b) Thick 
A g layer 
Consis tent wi th the top surface examinat ion , the 
cross sect ion examinat ion of C u 6 S n 5 I M C between 
solder and substrate for bo th Ag layer had die scal lop 
type morphology as shown in Figure 2. This I M C 
was confi rmed by E D X analysis. 
Besides that, the formation of A g 3 S n after reflow 
soldering was identified. For bo th Ag layer 
di ickncsses , there were A g 3 S n and C u 6 S n 5 
intermetal l ics formed in the bulk solder jo in t s as 
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revealed in F igure 3. The A g 3 S n grew in large pla te-
l ike morphology and the C u 6 S n 5 grew into long rod. 
some were solid and others were hol low as shown in 
F igure 3(a). 
F i g u r e 2: Cross section morphology of C u 6 S n 5 
be tween I m A g and SAC 3807 solder after reflow by 
us ing (a) S E M (b) N i k o n wi th 50()x magnif icat ion 
F i g u r e 3 : The format ion of A g 3 S n after reflow (a) 
and (b) Th in Ag (c) Thick Ag layer 
After isothermal aging treatment , the scallop type 
C u 6 S n 5 I M C observed after reflow has t ransformed 
into a uniform and cont inuous layer and also C u 3 S n 
appeared be tween die CusSn^ a n d substrate. The 
morphology of A g 3 S n also changed into more 
spherical and rounded shape as shown in Figure 4. 
Figure 4 also shows the presence of Kirkendal l 
vo ids which appeared in die C u 3 S n layer. Th i s is in 
agreement wi th the work by Li et al. (2005) w h o 
reported that Kirkendal l voids fo rm in the C u 3 S n 
layer dur ing the long- t ime ageing. In such case, the 
ma in diffusion element is Sn in Cu^Sns but Cu in 
C u 3 S n . Diffusion of Sn in CueSns is very slow, which 
de te rmines the entire growth of the IMCs , leading to 
a shor tage of Sn to react wi th Cu in C u 3 S n layer. The 
lacking Sn in the latt ice spaces in C u 3 S n can 
therefore result in the formation of Kirkendal l voids. 
P e n g et al. (2007) expla ined diat a C u 3 S n I M C is 
a brit t le material . A porous C u 3 S n layer due to 
Kirkendal l effect m a k e s the solder /Cu b o n d s very 
weak . Kirkendal l void format ion in the solder jo in t 
o n Cu occurs by two steps. First, vacancies are 
generated in C u near the C u 3 S n layer after the Cu 
a toms have left the Cu pad and diffuse towards the 
solder. Second, the vacancies coalesce into voids. 
The vacancy generat ion in Cu is unavoidable because 
of the unba lanced inter-diffusion of Cu and Sn. 
Therefore, the key to slow d o w n the formation of 
Kirkendal l voids in the C u 3 S n layer is to prevent 
coalescence of vacancies into voids. This can be 
real ized if the vacancies can b e dispersed into the 
bu lk Cu. Grain boundar ies as easy diffusion paths in 
C u can enhance this process. 
F i g u r e 4: Cross section morphology be tween I m A g 
and SAC 3807 solder after aging 500 hours (a) N ikon 
w i t h 500x magnif icat ion (b) Th in A g (c)Thick A g 
layer. 
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Figure 5 shows the top surface morphology o f 
C u 6 S n 5 us ing SAC3807 solder after i so thermal aging 
for bo th A g thicknesses. As ment ioned before, the 
A g 3 S n format ion also shows more spherical shape 
and some of t hem are also present as small particles. 
F i g u r e 5: Top surface morpho logy of C u e S n 5 using 
SAC 3807 after isothermal aging (a) 250 hrs wi th 
thin Ag layer (b) 250 hrs wi th thick A g layer (c) 1000 
hrs with thin A g layer (d) 1000 hrs wi th thick Ag 
laver 
Based on the graph shown in Figure 6, the grain 
size of top surface morpho logy of CifcSns is also 
proport ional to aging duration. T h e grain size 
becomes bigger , coarser and spherical in shape for 
the thicker A g layer compared to the thinner A g layer. 
For example , for thick A g layer the grain size was 
found to be 11.2 urn which is the highest va lue 
compared to 9 .0um for the thin Ag layer. 
Grain Size versus Time 
Reflow Aging 250 Aging 500 
Time (hour) 
Aging 1000 
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F i g u r e 6: The CtieSm grain size on top surface 
morphology us ing SAC 3807 after reflow and 
isothermal aging 
degrade the physically a n d mechanica l propert ies of 
the solder jo in t part icularly in h igh impact loads 
envi ronments . In addit ion. I M C thickness data 
provide a valuable input wh ich can calculate long 
te rm thickness values from m i n i m u m amoun t of short 
t e rm exper imenta l measurements . Th i s analytical 
approach will improve the predictability of substrate 
solderabili ty a n d solder jo in t reliability. Therefore, 
the information of I M C s produced by solder ing in 
electronic packag ing is essential [3]. 
IMC THICKNESS versus TIME (SAC3807) 
£ 1 
Reflow Aging 250 Aging 500 
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IMC Thickness versus Time 
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F i g u r e 7: Intermetal l ic compound thicknesses versus 
t ime after reflow solder ing and ag ing t reatment (a) 
His togram (b) Graph 
Figure 7 shows the intennelal l ics th icknesses after 
reflow solder ing and isothermal aging. The graph 
shows that the intermetal l ic compound is proport ional 
to the t ime and silver thickness as well . It is clear 
from the plot that the thin A g layer has a slower I M C 
growth rate compared to the thick silver layer. 
As wi th die I M C thickness after reflow soldering, 
the I M C thickness after isothermal aging increased 
significantly for bo th Ag thicknesses as depicted in 
Figure 7, especial ly after ag ing up to 1000 hours 
3.2 T h i c k n e s s of i n t e r m e t a l l i c c o m p o u n d 
Excessively thick react ion layers, wh ich g row 
be tween the solder and substrate can significantly 
In addit ion, the I M C thickness for thick silver 
layer is greater than that in the th in silver layer either 
after reflow or isothermal aging. It happened because 
the silver coat ing on the top surface of substrate 
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promotes nucleat ion sites for the format ion of Cu-Sn 
intermetal l ics be tween solder and substrate. So, tire 
thickness of silver layer will affect the I M C thickness 
whe re a thicker A g layer will g ive a th icker I M C 
compared to a thinner A g layer. 
4. C o n c l u s i o n 
In this study, the results of the microstructure 
showed that the I M C s has been studied w h e n a SAC 
3807 lead free solders react wi th immers ion silver 
( ImAg) surface finish. Only CueSns I M C was found 
be tween solder a n d substrate after reflow solder ing 
whi le bo th of C u 6 S n 5 and C u 3 S n I M C have been 
observed after isothermal aging. Ag ing of solder 
jo in t s results in a n increase of I M C s th ickness and 
changes their morphologies to b e c o m e more spherical, 
dense and wi th larger grain size. However , the 
th ickness of immers ion silver surface finish 
metal lurgy invest igated was found to have no effect 
on the type or morphology of intermetal l ic 
compounds formed, a l though wi th th icker silver layer 
the intermetal l ic compounds grew in thickness . In 
addit ion, the results also revealed that the thickness 
of intermetall ics formed is proport ional to the ag ing 
durat ion. 
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